U.S. Application No. 09/248,756 



-5- 



Group Art Unit: 1636 



REMARKS 

Claims 35, 36, 38-40, 42-49, and 56 were pending in the application. Claims 35 
and 40 have been amended. New claims 57-67 have been added. Accordingly, 
following entry of the amendments presented herein, claims 35, 36, 38-40, 42-49, and 56- 
67 will be pending. For the Examiner's convenience, a copy of the claims as they will be 
pending upon entry of the present amendment, is set forth herein as Appendix A. 

No new matter has been added. Support for the amendments presented herein can 
be found in the specification as filed and/or the claims as previously pending. 
Specifically, support for the amendments to claim 35 can be found at least at page 5, lines 
20-24, and page 8, lines 9-11. Support for new claim 57 can be found at least at page 39, 
line 15 through page 40, line 5. Support for new claim 58 can be found at least at page 1, 
lines 16-18 and at page 7, line 32, through page 8, line 1. Support for new claims 59-61 
can be found at least at page 8, lines 29-37. Support for new claim 62 can be found at 
least at page 36, lines 33-34. Support for new claim 63 can be found at least at page 37, 
lines 19-21 . Support for new claim 64 can be found at least at page 37, lines 7-8. 
Support for new claim 65 can be found at least at page 37, lines 8-10. Support for new 
claims 66 and 67 can be found at least at page 37, lines 31-38. 

The foregoing claim amendments and cancellations should in no way be 
construed as an acquiescence to any of the Examiner's rejections, and have been made 
solely to expedite the prosecution of the application. Applicants reserve the right to 
pursue the claims as originally filed in this or a separate application(s). 

Rejection of Claims 35-36. 38-40. 42-49. and 56 Under 35 U.S.C. 3 112, first parag r ap h 

The Examiner has rejected claims 35-36, 38-40, 42-49, and 56 under 35 U.S.C. 
§112, first paragraph, because "the specification, while being enabling for embodiments 
wherein the immune response assayed is the effect of the test compound on expression of 
an interleukin-4 gene and wherein the maf family protein is c-Maf, does not reasonably 
provide enablement for practicing the claimed invention with any response and with any 
other maf family proteins." This rejection is respectfully traversed. 
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Enablement is not precluded by the necessity for some experimentation, 
and a considerable amount of experimentation is permitted. See In re Wands, 8 
U.S.P.Q. 2d 1400, 1404 (Fed. Cir. 1988). It is Applicants' position that based on 
the teachings of the specification and the knowledge in the art, the ordinarily 
skilled artisan would be able to make and use the claimed methods without undue 
experimentation. 

In the interest of expediting prosecution of the application, while in no 
way conceding to the validity of the Examiner's rejection, Applicants have 
amended claim 35 to recite that the maf family protein binds to a MARE 
regulatory sequence of a TH2-associated cytokine gene and to recite that the 
target DNA comprise a MARE regulatory sequence of a Th2-associated cytokine 
gene. The pending claims are directed to methods for identifying a compound 
that modulates production of a Th2-associated cytokine in a cell, comprising 
providing an indicator composition comprising (i) a maf family protein binds to a 
MARE regulatory sequence of a TH2 associated cytokine gene and (ii) a target 
DNA comprising a MARE regulatory sequence of a Th2-associated cytokine 
gene to which said maf family protein binds, wherein said indicator composition 
is an indicator cell or an acellular preparation; contacting the indicator 
composition with each member of a library of test compounds; selecting from the 
library of test compounds a compound of interest that modulates binding of said 
maf family protein to said target DNA; and determining the effect of the 
compound of interest on the production of a Th2-associated cytokine in a cell to 
thereby identify a compound that modulates production of the Th2 cytokine. 

According to the amended claims, only those maf family proteins that bind 
to a MARE sequence of a Th2 associated cytokine gene are embraced by the 
claims. One of ordinary skill in the art could readily identify proteins of the maf 
family (e.g., as described at page 7, line 32 through page 8, line 1 of the 
specification) that have this activity. While the working examples of the patent 
focus on c-maf, other the maf family proteins were known to be structurally 
similar to c-maf. For example, v-maf was known in the art to be structurally 
similar to c-maf, having only two structural changes in the coding region from c- 
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maf (a substitution of an M residue at position 257 to V and fusion of the viral 
gag sequence to the 5' terminal end; see Kataoka et al. 1993. J. Virol. 67:2133, 
attached as Appendix B). The ability of a maf family protein to bind to a MARE 
or a Th2-associated cytokine gene could be tested using the methods as described 
in Example 6 or using other techniques well known in the art. Based on the 
teachings of the specification, one of ordinary skill in the art could readily select 
maf family proteins within the scope of the claims based on their ability to bind to 
an MARE of a Th2-associated cytokine gene. 

With respect to the Th2 associated cytokine gene, the claims require that 
the target DNA comprise a MARE regulatory sequence of a Th2-associated 
cytokine gene. MARE regulatory elements and their structure are taught in the 
specification. For example, Applicants teach that MARE responsive elements are 
known in the art and include the 13 or 14 base pair elements which contain a core 
TRE (T-MARE) or CRE (C-MARE) palindrome (see page 8, lines 9-11). 
Applicants further show the existence of a MARE response element in the 
promoter region of IL-4 (see Example 6). Applicants note that C-maf has been 
shown to activate IL-10 transcription as well as IL-4 transcription (see, e.g., the 
paper by Cao et al. ((2002) J. Immunol. 169:5715-25) attached as Appendix C.) 
Based on the teachings in the specification and the armed with the knowledge of 
one of ordinary skill in the art, the ordinary skilled artisan could readily select a 
target gene within the scope of the claims. 

With respect to the production of TH2 cytokines, as taught in the 
specification, e.g., at page 8 lines 31-37, and as known in the art, given the role of 
certain specific TIE cytokines such as IL-4 in promoting TH2 cytokine 
production, an effect of a compound on e.g., IL-4 or IL-10 production could be 
measured either directly by measuring production of IL-4 or IL-10, or indirectly 
by measuring production of other TH2 cytokines. One of ordinary skill in the art 
could readily measure Th2 cytokines using techniques described in the 
specification or known in the art. Exemplary techniques are taught at page 37, 
lines 35-39 and at pages 40, line 34 through page 41, line 4 of the specification. 
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Given the teachings of the specification and the knowledge of one of 
ordinary skill in the art, the ordinarily skilled artisan could readily perform a 
screening assay as claimed using a maf family protein. Exemplary assays are 
taught in the instant specification, e.g., at pages 36, line 4 through page 40, line 4. 
Accordingly, Applicants contend that the claimed invention is enabled across its 
breadth. 

Applicants point out that the Examiner appears to doubt the utility of the 
claimed invention for its stated purpose, rather than the doubting the ability of one 
of ordinary skill in the art to practice the claimed invention. The Examiner has not 
set forth any evidence that would suggest that one of ordinary skill in the art 
would doubt the asserted utility of the claimed methods in identifying compounds 
that modulate production of a Th2 associated cytokine by a cell. Under 35 U.S.C. 
§112, first paragraph, the Examiner has the "initial burden of setting forth a 
reasonable explanation as to why the scope of protection provided by [the claims] 
is not adequately enabled by the description of the invention provided in the 
specification." In re Wright, 999 F.2d 1557 (Fed. Cir. 1993). Specifically, in/« 
reBrana, 51 F.3d 1560, 1566 (Fed. Cir. 1995), it was held that: 

Only after the PTO provides evidence showing that one of ordinary skill in 
the art would reasonably doubt the asserted utility does the burden shift to 
the applicant to provide rebuttal evidence sufficient to convince such a 
person of the invention's asserted utility. 

Additionally, the court stated that in the absence of a reason to doubt the objective truth of 
the teachings contained in the specification, the methods of making and using the claimed 
invention must be taken as complying with the requirements of §112, first paragraph. The 
Examiner has not met this burden, accordingly, the claims must be taken as complying 

with §112, first paragraph. 

The Examiner also states that there is "no basis for one of skill in the art to predict 
the exact structuraVfunctional characteristics of a maf protein (e.g., primary amino acid 
sequence of the protein and the sequence of the nucleic acid it binds) that elicits 
production of a Th2-associated cytokine." 

As set forth above, in the interest of expediting prosecution of the application, 
while in no way conceding to the validity of the Examiner's rejection, Applicants have 
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amended claim 35 to recite that the maf family protein binds to a MARE regulatory 
sequence of a Th2 associated cytokine gene and to recite that the target DNA comprises a 
MARE regulatory sequence of a Th2-associated cytokine gene. 

As set forth above, Applicants have described a genus of maf family proteins and 
MARE responsive elements. Applicants provide description of a sufficient variety of 
exemplary species to reflect the variation within the genus of maf family proteins (e.g., at 
page 7, line 24 through page 8, line 1 of the specification) and MARE responsive 
elements. Thus, structural information regarding the maf family of proteins and MARE 
elements to which they bind is taught in the specification and was known in the art at the 
time the application was filed. Thus, the instant specification satisfies the written 
description requirement for the claimed invention as set forth in the Written Description 
Guidelines (66 Fed. Reg at 1 106) and by the court in Enzo Biochem, Inc. v. Gen-Probe 
Inc. (296 F.3d 1316 (Fed. Cir. 2002). Accordingly, Applicants respectfully request that 
the Examiner reconsider and withdraw this section 1 12, first paragraph rejection of the 
pending claims. 

Applicants further point out that claim 36 limits the maf family protein to c-maf, 
claim 40 limits the maf family protein to v-maf, claim 42 limits the target DNA to a 
sequence comprising a MARE regulatory sequence of the IL-4 gene, and claim 58 limits 
the maf family protein to c-maf or v-maf and the target DNA to a sequence comprising a 
MARE regulatory sequence of the IL-4 gene or the IL-10 gene. 

In view of the foregoing, Applicants respectfully request that the Examiner 
reconsider and withdraw the foregoing rejection. 

Rejection of Claims 35. 37-39, and 41-49 Under 35 U.S.C. S 112, second paragraph 

The Examiner has rejected claims 35, 37-39, and 41-49 under 35 U.S.C. §112, 
second paragraph, as being indefinite for failing to particularly point out and distinctly 
claim the subject matter which applicant regards as the invention. These claims are 
vague and indefinite and the metes and bounds of the phrase "a Maf family protein" are 
unclear. This rej ection is respectfully traversed. 
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Maf family proteins were known in the art and are described in the specification 
as filed. The specification provides numerous examples of maf family of proteins (see 
e.g., page 7, line 32 through page 8, line 22), including citations for their amino acid 
sequences (see page 10, lines 20-35). As taught in the specification, these proteins are a 
subset of AP-1/CREB/ATF proteins that have homology to v-Maf, have a basic region 
linked to a leucine zipper domain. As taught in the specification, the small maf proteins 
of the maf family are taught to lack the transactivating domain. Contrary to the 
Examiner's position, there is an art recognized standard for identifying a Maf protein 
distinct from any other bZIP factor and, therefore, the metes and bounds of the term "maf 
family protein" are clear and definite. 

In the interest of expediting prosecution, and in no way acquiescing to the 
Examiner's rejection, Applicants have amended the instant claims to require that the Maf 
family protein bind a MARE of a Th2 assocaited cytokine gene, thus limiting the claim to 
Maf family members that have this effect. Applicants respectfully request that the 
Examiner reconsider and withdraw the foregoing rejection. 
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CONCLUSION 



Reconsideration and allowance of all the pending claims is respectfully requested. 
If a telephone conversation with Applicants' Attorney would expedite prosecution of the 
above-identified application, the Examiner is urged to call the undersigned at (617) 227- 
7400. 



LAHIVE & COCKFIELD, LLP 
28 State Street 
Boston, MA 02109 
Tel. (617) 227-7400 

Dated: September 11. 2003 



Respectfully submitted, 



LAHIVE & COCKFIELD, LLP 




Attorney for Applicants 
Reg. No. 43,270 
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Appendix A 
Pending Claims 

35. A method for identifying a compound that modulates production of a Th2- 
associated cytokine in a cell, comprising 

providing an indicator composition comprising (i) a maf family protein which 
binds to a MARE regulatory sequence of a Th2 associated cytokine gene and (ii) a target 
DNA comprising a MARE regulatory sequence of a Th2-associated cytokine gene to 
which said maf family protein binds, wherein said indicator composition is an indicator 
cell or an acellular preparation; 

contacting the indicator composition with each member of a library of test 

compounds; 

selecting from the library of test compounds a compound of interest that 
modulates binding of said maf family protein to said target DNA; and 

determining the effect of the compound of interest on the production of a Th2- 
associated cytokine in a cell to thereby identify a compound that modulates production of 
the Th2 cytokine. 

36. The method of claim 35, wherein the maf family protein is c-Maf. 

38. The method of claim 35, wherein the Th2-associated cytokine gene is an 
interleukin-4 gene. 

39. The method of claim 35, wherein the effect of the compound of interest 
Th2-associated cytokine production is determined by determining the effect of the 

pound on development of T helper type 1 (Thl) or T helper type (Th2) cells. 



on 

comi 



40. The method of claim 35, wherein the maf family protein is v-maf. 

42. The method of claim 35, wherein the target DNA comprises the 
regulatory sequence of an interleukin-4 gene. 

44. The method of claim 35, wherein the indicator composition is an 
indicator cell. 



U.S. Application No. 09/248,756 -13- Group Art Unit: 1636 

44. The method of claim 43, wherein the indicator cell is a lymphoid cell. 

45. The method of claim 44, wherein the lymphoid cell is a Th2 cell. 

46. The method of claim 44, wherein the lymphoid cell is a Thl cell. 

47. The method of claim 44, wherein the lymphoid cell is a B cell. 

48. The method of claim 43, wherein the indicator cell is a non-lymphoid 
mammalian cell. 

49. The method of claim 43, wherein the indicator cell is a yeast cell. 

56. The method of claim 44, wherein lymphoid cell is a helper precursor 
(Thp) cell. 

57. The method of claim 35, wherein the indicator composition is an 
acellular preparation. 

58. The method of claim 35, wherein the maf family protein is c-maf or v- 
maf and the Th2-associated cytokine gene is an IL-4 gene or an IL-10 gene. 

59. The method of claim 35, wherein the Th2-associated cytokine gene is 
an interleukin-10 gene. 

60. The method of claim 35, wherein the production of IL-4 is modulated. 

61 . The method of claim 35, wherein the production of IL-10 is modulated. 

62. The method of claim 35, wherein the maf family protein is 
recombinantly expressed in a cell. 

63. The method of claim 35, wherein the cell does not naturally express the 
maf family protein. 
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64. The method of claim 35, wherein the regulatory sequence comprises 
about 3 kb of the upstream regulatory sequences from the IL-4 promoter. 

65. The method of claim 35, wherein the regulatory sequence comprises 
nucleotides -157 to +58 of the IL-4 promoter. 

66. The method of claim 35, wherein Th2-associated cytokine production 
can be assessed by detecting cytokine mRNA. 

67. The method of claim 35, wherein Th2-associated cytokine production 
can be assessed by detecting the cytokine protein. 
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Structure-Function Analysis of the maf Oncogene Product, 
a Member of the b-Zip Protein Family! 
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The v-wfl/ oncogene, identified as the transforming gene of the avian retrovirus AS42, encodes a protein 
containing a b-Zip motif* From this structural feature, the v-Maf protein was expected to form a dimer and 
function as a nuclear DNA-binding protein. In this study, we demonstrate that this protein indeed localizes 
predominantly in the nucleus and forms a homodimer through its leucine zipper structure. To delineate the 
structural requirement for the transforming activity, we constructed and characterized a panel of v-ma/ 
mutants harboring various deletions or point mutations. A region of about 100 amino acid residues located near 
its carboxyl terminus, which contains the b-Zip motif, was found to be essential for the basal transforming 
activity of v-Maf on chicken embryo fibroblasts. On the other hand, the ammo-terminal two-thirds of the v-Maf 
protein seems to play a role in potentiating the transforming activity of v-Maf. It was also found that the c-maf 
proto-oncogene, without any structural modification in its protein-coding region, could transform cells as 
efficiently as could the y-maf oncogene when transduced by a retroviral vector. Thus, it is probably deregulated 
expression that makes the v-maf gene oncogenic. In addition, we discovered one point mutation, altering the 
structure of the b-Zip domain, which further enhances the transforming activity of the y-maf oncogene* Such 
mutant will be useful in exploring the mechanism of action of the Maf protein. 



We recently isolated an avian transforming retrovirus, 
AS42, from a spontaneous muscuioaponeurotic fibrosar- 
coma of chicken. This virus when inoculated into newborn 
chickens induces tumors which are pathologically indistin- 
guishable from the original tumor. It also induces transfor- 
mation of chicken embryo fibroblast (CEF) cells in vitro. 
The unique pathogenicity of the AS42 virus prompted us to 
analyze the structure of its proviral DNA, which led to the 
identification of a new oncogene, maf (muscuioaponeurotic 
fibrosarcoma) (29). The virus is replication defective, and the 
only viral product is the Gag-Maf fusion protein of about 100 
kDa (12). The most striking structural feature of the v-Maf 
protein is the long repeats of glycines and histidines in its 
middle portion. Interestingly, variant AS42 viruses with 
small deletions, apparently generated by homologous recom- 
bination among the GGC repeats encoding the glycine 
stretches, accumulate in the stocks as we passage this virus 
(12). 

The v-Maf protein contains another characteristic struc- 
ture, the b-Zip motif, in its carboxyl terminus. This motif has 
been proposed to serve as a dimerizing and DNA binding 
domain in several transcriptional regulators, including Fos 
and Jun (20, 36). Heptad repeats of leucine residues in highly 
alpha-helix-permissive sequence, the leucine zipper struc- 
ture, are believed to play an important role in dimerization of 
the proteins by coiied-coil-type interaction. The leucine 
zipper structures are usually preceded by a positively 
charged region of about 30 amino acid residues, proposed to 
serve as a DNA binding domain. The putative DNA binding 
domain of Maf shares significant (20 to 30%) homology with 
those of the other known leucine zipper proteins (29). 



* Corresponding author. 

t Dedicated to the memory of Sadaaki Kawai, who died on 3 
August 1990. 



The fos and jun oncogene products are the most exten- 
sively analyzed b-Zip proteins. The c-Fos/c-Jun heterodimer 
and the c-Jun homodimer are the major components of the 
transcription factor AP-1, which binds selectively to the 
phorbol 12-0-tetradecanoate-13-acetate (TPA)-responsive 
element of several vertebrate genes (3, 5, 8, 30). Further- 
more, Jun also forms heterodimers with some CREB pro- 
teins through the leucine repeat motif and binds to the cyclic 
AMP (cAMP)-responsive element (1, 10, 23). In these pro- 
tein complexes, correct arrangement of the DNA binding 
domains seem to be brought about by dimerization, because 
the ability to dimerize is a prerequisite for the DNA-binding 
property of these proteins. 

The presence of a typical b-Zip motif strongly suggests 
that Maf is a nuclear protein which forms dimers and acts as 
a transcriptional regulator. In this study, we examined this 
hypothesis by using a retroviral expression system in CEF 
cells. Nuclear localization and the dimer-fonning ability of 
Maf protein were confirmed, and the transforming ability of 
the c-maf proto-oncogene transduced by the retroviral vec- 
tor was demonstrated. Furthermore, analysis of a series of 
v-maf mutants revealed that the regions of v-Maf essential 
for dimer formation were also essential for the transforming 
activity. Hie results are consistent with the model that v-Maf 
protein functions as a dimer in the nucleus to exert its 
transforming activity. 

MATERIALS AND METHODS 

Celts and viruses. Preparation of CEF cells, focus-forming 
assay of viruses, and soft-agar colony formation were car- 
ried out as described previously (13, 16, 37). DNA transfec- 
tion was performed by the polycation-dimethyi sulfoxide 
method described previously (14). We recovered the recom- 
binant viruses which encode the mutated maf gene as 
described by Semba et al. (32) and assayed its transforming 
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activitv by colony formation in soft-agar suspension culture. 
wS no mmsforming activity was detected in the .superna- 
tant of the transfectant, virus production was confirmed by 
Western iinmunoblot analyses of the infected cell lysates, 
using the anti-Maf serum and/or an antiserum against the 
viral Gas protein. , . . 

Preparation of Maf-specific antibodies and immunological 
experiments. A mutated v-Maf protein which has a deletion 
of five amino acid residues in the putatrve DNA bmduig 
domain was bacterially expressed as follows. The Ncol-MM. 
fragment of a deletion mutant of the v-maf gene, Md26.22 
was excised from a derivative of plasmid pRAM, pMd26.22 
(see below), and was treated with Klenow fragment; this 
procedure was followed by addition of an Xbal linker and 
Xbal digestion. The resultant Xbal fragment was mtroduced 
into the Miel site of the pET-3a vector, an Eschenchia coh 
expression vector developed by Rosenberg et aL (31). From 
this construct, the mutant v-Maf protein, MD26.22, was 
expressed as a fusion protein in which the ammo-terminal 
four amino acid residues should be derived from the vector 
and the Xbal linker sequences. E. coli cells transformed with 
this plasmid were cultured in rich medium and were induced 
to produce the recombinant protein in early log phase by 
addition of isopropyl-p-D-thiogalactopyranoside. We found 
that the recombinant protein was accumulated as an inclu- 
sion body in bacterial cells. We partially purified the accu- 
mulated protein to more than 90% homogeneity by washing 
the inclusion body fraction with Triton X-100 and EDTA as 
described previously (24). The recombinant protein was 
further purified on a preparative sodium dodecyl sulfate 
(SDS)-poryacrylamide gel and was used as an antigen to 
immunize animals. Two mouse hybridoma clones which 
produce monoclonal antibodies against the v-Maf protein 
were established by the general method (11). By preliminary 
epitope mapping experiments, it was shown that two mono- 
clonal antibodies, MovNl and MovCl, recognize the arnino- 
and carboxyl-terminal portions, respectively, of the v-Mai 

^Forlndirect immunofluorescent staining, virus-infected or 
uninfected CEF cells were fixed with cold methanol. v-Maf- 
specific rabbit antiserum and fluorescein isothiocyanate- 
coniuEated goat anti-rabbit immunoglobulin G serum were 
diluted with phosphate-buffered saline (PBS) and were used 
as primary and secondary antibodies, respectively. Heat- 
denatured cell lysate of the vims-infected cells were pre- 
pared as described previously (7). Immunoprecipitation ex- 
periments were performed as described previously (15). 

Retroviral expression vector system and construction of 
v W-mutants. The amino acid and nucleotide residues were 
numbered from the 5' recombination point between the viral 
gag gene and v-maf gene as previously described (29). To 
generate a Rous sarcoma virus variant which carries the 
v-maf gene instead of the vsrc gene, the Ncol-Bsu36l 
fragment (nucleotides 53 to 1123) was excised from the 
provirus clone of AS42 and was ligated to the 34-bp Baa- 
Ncol fragment derived from the region just upstream of the 
translational initiator ATG codon of the v-src gene of Rous 
sarcoma virus, resulting in good agreement with the consen- 
sus sequence around the initiator methionine residue (18). 
The Ball-BsuiSl fragment was then treated with Klenow 
fragment, attached to an MM linker, and subjected to MM 
digestion. The Mlul fragment was recloned into pUC- 
9(MluI, a derivative of pUC-9, which was constructed by 
addition of an Mlul linker between the Hindi site and Smal 
site of plasmid pUC-9. We named this plasmid pRAM. This 
construct and pRAM(-), in which the direction of the insert 
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is opposite that of pRAM, were used for in vitro mutagene- 
sis. Totest its transforming activity, we excised the insert of 
pRAM by Mlul digestion and recloned it into the MM site i of 
ShepRV-2 retroviral vector plasmid (32), after which CEF 
cells were transfected. Deletion mutants and pomt mutants 
of the v-maf gene were constructed as follows (also see 

T T^coSiTcf pNdl, pMB. PMB. and pNd4, pRAM(-) 
plasmid DNA was digested by Ncol and was gradually 
deleted by exonuclease BAL 31 from its terminr, this proce- 
dure was followed by treatment with Klenow fragment and 
Stion of an Ncol linker (pCCCATGGG). We then excised 
the Ncol-Hintlll fragments of various lengths and replaced 
Se Ncol-HindUi fragment of ™!V h ' S ° **f 

ments to generate deletion mutants of pRAM(-). By se- 
quencing analyses of the resultant clones, we chose four 
in-frame deletion constructs of various lengths and named 
them uNdl to -4. In these ammo-terminal deletion mutants, 
the putative initiator ATG codons were donated by the .Ncol 
linker, and the 5' preceding sequences were Provided by ^the 
pRAM(-) plasmid to generate good agreement with KozaR s 
consensus sequence (18). „ 
To make P Nd5, the Ncol Haelll fragment (nucleotides 53 
to 719) of pRAM was deleted and replaced by an Ncol 

'"To'make ?Nd6, pRAM was digested with Ncol and 
fiyrEn, blunt ended, and then self-hgated: 

To make P Cdl , pCd2, ?Cd3, and pCd4, deletions fromthe 
carboxyl terminus were introduced by insertion of an Nhel 
linker (pCTAQCTAQCIAG), which enters terminator 
codons in all three frames, into the following restnc ion 
sites: V Cdl, Bamffl (nucleotide 1036); pCd2 ^"ggj 
tide 999), pCd3, Bglll (nucleotide 956); and pCd4, Bsti.ll 
(nucleotide 756). 

pNd5Cd2 was generated from pNd5 and pCd2 

To make pVdl, pVd3, and pVil, the 2fc5fflI-*«EII frag- 
ment (nucleotides 509 to 756) of pRAM was ™f™^™\ 
corresponding fragments of size variants of AS42 virus 
clones (12) Bl, B3, and B7, respectively. 

oMd23 and pMd24 were obtained by deleting flssHU- 
BssUIl (nucleotides 509 to 599) and BsslQl-BstEll (nucle- 
otides 509 to 756) fragments from pRAM, ^arnify. 

To make vMd23.5, pMd24 was digested 1 with BrtEII, 
treated with Klenow fragment, and digested with EcoRi. 
The resulting 3.2-kb fragment, which contains pUC vector 
sequence, was excised and was hgated to the 0.4-kb HaelU 
(nucleotide 718)-£coRI fragment of pRAM to generate 

Pi DStion mutants pMd45, ?Md56, pMdl5, vMdl6, and 
pMd46 were generated by partial digestion with PvuU and 

^make n 'pAfd26.22, the &p632I-£c O O109I fragment (nu- 
cleotides 808 to 838) of pRAM was replaced by the following 
synthetic oligonucleotide, resulting in deletion of five ammo 
acid residues (amino acids 276 to 280): 

3' - GAAQQAAQAGGTQATCCQGCT - 3 ' 
3' -CCTTCTCCACTAGGCCGACTG 

r,Vp was constructed by exchanging the BstEU-BamHl 
fragment (nucleotides 756 to 1036) of pRAM by the corre- 
sponding fragment of AS42 provirus clone Bl. Other pomt 
mutants of the v-ma/gene were obtained by the method of 
Kunkel et al. (19). A construct that expresses the c-maf 
product was produced by insertion of synthetic nucleotide 
sequence shown below into Ncol site of pVp: 



SEP lp 2003 10:27 FR CISTI ICIST 

2 



TO 16172275941 P. 05/11 



Vol. 67, 1993 TRANSFORMING ACTIVITY OF Maf 2135 



5 ' -CATGCKJATCLA&kCK^TC 

3 f -CGTAGTCTCGAGCGTTACTCGCCGAQGCTOGACGGGTGGTCAGGGOACCGGTAC-5 ' 



In this report, mutated genes of maf are indicated by 
italics (e.g., Md26.22), and their products are in capital 
letters (e.g., MD26.22). 

In vitro transcription and translation. Each mutant of the 
v-ma/gene was recloned into plasmid pGEM-3 or pGEM-4 
for in vitro transcription. The plasmid DNAs were linearized 
and were used as templates for 77 RNA polymerase. In vitro 
translation was performed in the presence of [ 35 S]methio- 
nine, using wheat germ extract purchased from Promega 
Corp. (Madison, Wis.). Cross-linking experiments were per- 
formed as follows. In vitro-translated proteins were dialyzed 
against PBS and were reacted with glutaraldehyde (final 
concentration, 0.005%) at room temperature for 30 min. The 
reaction was stopped by addition of 1/10 volume of 1 M Tris 
hydrochloride. The cross-linked products were concentrated 
by acetone precipitation and were separated by SDS-poIy- 
acrylamide gel electrophoresis. 

RESULTS 

Construction of replication-competent retrovirus that ex- 
presses the v-ma/ oncogene. To test the biological activity of 
the v-maf oncogene, we used a replication-competent retro- 
vims vector, pRV-2 (32). First, the v-maf sequence excised 
from the AS42 proviral DNA was subcloned to produce 
plasmid pRAM. The insert of this plasmid lacks all of the 
viral gag sequence and the S'-terminal 54-bp portion of 
v-maf (Fig. 1 and Materials and Methods). We named the 
amino-tenninal truncated form of the v-maf gene in plasmid 
pRAM Pt ; Subsequently, the insert of this plasmid was 
recloned into the unique Mlul site of pRV-2 to produce 
pRV-2/Pr. The plasmid was transfected into CEF cells, and 
a replication-competent recombinant virus, harboring the 
truncated v-maf gene, was recovered. This virus showed 
transforming activity when infected into fresh CEF cells. 
The frequency and morphology of the foci (Fig. 2) and 
colonies induced by this virus were comparable to those 
induced by the AS42 virus, indicating that the Gag portion 
and the amino-terminal 18 amino acids of v-Maf are dispens- 
able for its transforming activity. In the following experi- 
ments, we used plasmid pRAM as a substrate for in vitro 
mutagenesis and to assay the transforming potential of the 
mutated genes, using the retroviral vector system. 

The v-maf gene product localizes predominantly in the 
nucleus. To prepare antibodies against v-Maf, we tried to 
produce the v-Maf protein in bacterial cells. However, all 
attempts to express the intact v-maf gene by using several 
expression vector systems were unsuccessful, and it was 
therefore apparent . that the v-Maf protein was toxic to 
bacterial cells. We then tried to express a deletion mutant of 
v-maf gene, Md26.22, in £. coii cells, using the pET3-a 
expression vector (31). The product of Md26.22 lacks five 
amino acid residues in its putative DNA binding domain and 
was expected to be biologically inactive (see below). Upon 
induction of the E. coii cells transformed with this plasmid, 
a protein of about 40 kDa was produced (data not shown). 
We partially purified the MD26.22 protein and used it for 
immunizing the animals. The resulting serum could effi- 
ciently precipitate the 100-kDa Gag-Maf fusion protein from 
the lysate of AS42-infected CEF cells (Fig. 3, lane 2). The 
immunoprecipitation band pattern was unchanged before 
and after heat denaturation of the lysate (compare lanes 2 



and 5), suggesting that no other proteins were associated 
under these conditions. A protein of about 42 kDa was also 
specifically immunoprecipitated from the lysate of the cells 
infected with the v-Maf -containing replication-competent 
virus RV-2/Pt, described above (lane 8). In contrast to the 
AS42-ihfected cells, RV-2/Pt induced additional minor bands 
of around 80 kDa. The origin of these minor bands is not 
clear, but they may have resulted from recombinational 
events in the virus genome and do not seem to be Maf- 
associated proteins because these bands were not abolished 
by heat denaturation of the cell lysates prior to immunopre- 
cipitation (lane 11). The results indicate that this serum 
recognizes the v-Maf protein with reasonably good specific- 
ity. 

To examine the subcellular distribution of the v-Maf 
protein, we performed indirect immunofluorescence staining 
of the virus-infected cells, using the anti-v-Maf antiserum. 
Strong staining was observed within the nuclei of the AS42- 
infected and RV-2/ft-infected CEF cells (Fig. 4A and C). No 
significant fluorescence was observed when the virus-in- 
fected cells were stained with preimmune serum (Fig. 4B and 
D) or when uninfected CEF cells were stained with the 
anti-Maf serum (data not shown). These results demonstrate 
the nuclear localization of the v-Maf protein. 

Dimer-fonntng abilities of the v-Maf protein. The b-Zip 
motif of the v-Maf protein suggests that this protein may 
form homodimers or associate with other protein(s). There- 
fore, we first tested the abilities of the v-Maf proteins to form 




LTft 

FIG. 1. Construction of replication-competent retrovirus which 
harbors the v-maf oncogene. Details of construction are given in 
Materials and Methods. S.A., splice acceptor; LTR, long terminal 
repeat. 
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FIG. 2. A focus of transformed cells induced by the RV-2/Pr 
vims. CEF cells were infected with the RV-2// 3 * virus, overlaid with 
0.7% agar medium, and incubated at 37°C for 1 week. 



dimers by cross-linking experiments. For this purpose, we 
produced two v-Maf mutants, ND1 and ND4 (ND stands for 
N-terminal deletion), with ammo-terminal deletions of dif- 
ferent sizes by transcription and translation in vitro (Fig. 
5A). The products were cross-linked with glutaraldehyde 
and subjected to SDS-poryacrylamide gel electrophoresis. 
Bands of about twice the molecular weight of the mutant 
products which probably represent homodimers appeared 
after cross-linking of each protein (Fig. 6, lane 1 to 4), When 
the two mutant proteins were cotranslated and cross-linked, 
an additional band of intermediate size appeared, suggesting 
the formation of a dimer between the two size variants of the 
v-Maf protein (lane 5). In contrast, when we used another 
v-Maf mutant, ND1-L2PL4P, in which the helix-permissive 



AS42 
RIPA ISDSboil 
a b c 1 3 be 



pRV-2/PT 
RIPA ISDSboil 
a b c |a b c 




FIG. 



1234567 89 1011T2 
3. Imraunoprecipitation of v-maf gene products. AS42- 



infected (lane 1 to 6) or RV-2/ft virus-infected (lane 7 to 12) 
transformed CEF cells were labeled with [ w S]methionine. Nonde- 
natured (lanes 1 to 3 and 7 to 9) or heat-denatured (lanes 4 to 6 and 
10 to 12) extracts of the labeled cells were immunoprecipitated with 
normal mouse serum (a; lanes 1, 4, 7, and 10), mouse anti-Maf serum 
(b; lanes 2, 5, 8, and 11), and mouse anti-Maf serum preincubated 
with the v-Maf antigen produced in £. coil (c; lanes 3, 6, 9, and 12). 
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structure was destroyed by substitutions of leucine residues 
by proline residues, no cross-linked products were detected 
(lanes 6 and 7). This result indicates that dimer formation is 
dependent on the leucine zipper motif of the v-Maf protein. 

To further confirm dimerization of the Maf protein, we 
performed coimmunoprecipitation experiments using two 
mouse monoclonal antibodies, MovNl and MovCl, which 
recognize the amino and carboxyl termini, respectively, of 
the v-Maf protein. The PT protein, the nearly fuH-length 
v-Maf protein produced from plasmid pRAM, was efficiently 
precipitated by each of the two antibodies (Fig. 7, lane 1 and 
2) whereas the L2PL4P protein, which carries substitution 
of two leucine residues, could not be recognized by the 
MovCl antibody (lane 3). When the amino-tenninal deletion 
mutant ND4, which itself cannot be recognized by the 
N-tenninal-specific MovNl antibody, was cotranslated with 
PT and immunoprecipitated with this antibody, ND4 was 
coprecipitated (compare lanes 6 and 7), indicating complex 
formation between the two forms of the v-Maf protein. 
However, when the L2PL4P mutant protein instead of the 
PT protein was coexpressed with the ND4 protein, ND4 was 
not coprecipitated by MovNl (lane 8), again indicating that 
complexing is dependent on the leucine repeat. 

To examine additional structures required for homodimer 
formation, we constructed a panel of deletion mutants and 
point mutants of the v-ma/gene and examined the dimer- 
forming abilities of their products. In parallel, we also tested 
transforming abilities of the mutated genes by using the 
avian retrovirus vector system (see below). All of the v-ma/ 
mutants were constructed from plasmid pRAM or its deriv- 
ative, and their structures are summarized in Fig. 5 and 
Table 1 (also see Materials and Methods). In addition to the 
arnino-tenninal deletion mutants Ndl to Nd6, we con- 
structed carboxy-terminal deletion mutants Cdl to Cd4 (Cd 
stands for C-terminal deletion). Three internal deletion mu- 
tants (VdU Vd3, and Vd7) of v-maf were constructed by 
using the proviral DNA of the naturally occurring size 
variants of AS42 virus. In these clones, internal 96 to 150-bp 
sequences have been deleted by homologous recombination 
between the three GGC repeats which correspond to the 
glycine tracts (12). 

The dimer-forming abilities of the mutant proteins were 
demonstrated by chemical cross-linking experiments. In 
vitro translation of the PT form of the Maf protein gave rise 
to multiple bands which could be derived as a result of 
initiation from internal methionine codon, premature termi- 
nation, or posttranslational modifications (Fig. 8, lane 1). 
Therefore, for some of the mutants, double-mutant proteins 
(ND2CD1, ND2CD2, ND2CD3, ND2MD56, ND2L2P, and 
ND2L2PL4P) made in the background of an amino-terminal 
deletion mutant (ND2) were used instead of full-length 
proteins to obtain clearer results. As shown in Fig. 8, 
consistent with the leucine zipper model, when the heptad 
repeats of the leucine residues remained intact (although the 
fifth is substituted by a tyrosine residue in Maf), the Maf 
proteins (PT, ND2, and ND2CD1) efficiently formed dimers 
(Fig. 8, lane 1 to 6). When the sixth leucine residue was 
deleted (ND2CD2), decreased dimer formation was ob- 
served (lane 8). Furthermore, if the carboxy-terminal three 
leucine repeats were deleted (ND2CD3), dimer formation 
was no longer detected (lane 10). The ND2L2P protein, 
which has substitution of the second leucine residue by 
proline, formed homodimers as efficiently as did the wild- 
type protein (lane 14), but an additional point mutation of the 
fourth leucine residue to proline (ND2L2PL4P) completely 
abolished the aUmer-forraing ability of v-Maf (lane 16). In 
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FIG. 5. Schematic representation of v-Maf mutant proteins con- 
structed in this study and their transforming and dimer-forming 
abilities. (A) Deletion mutants; (B) small deletion and substitution 
mutations introduced into the minimal essential domain for its 
transforming ability. Arrows at the bottom of panel A and top of 
panel B indicate the minimal essential region required for colony- 
inducing activity of v-Maf. 
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12 3 4 5 6 7 

FIG. 6. Demonstration of homodimer formation of the v-Maf 
protein. In vitro-translated proteins were cross-linked by glutaral- 
dehyde treatment and were resolved by SDS-poryacryiamide gel 
electrophoresis. The positions of the 

mutant gene products of different lengths, ND1 and ND4, and their 
dimers are indicated by closed and open d ^7^7$^ 
diamond indicates the position of a mutant of Maf, NDl-LZPI£r\ 
Numbers on the left indicate the molecular sizes of marker proteins. 



viral Gag-Maf fusion, the AS42 v-Maf protein deduced from 
the nucleotide sequence of a cloned provirus was found to 
have another structural difference compared with the c-Maf 
protein: a valine-to-methionine substitution at position 257. 
However, recently analyzed size variants of AS42 virus do 
not contain this base substitution, suggesting that the previ- 
ously analyzed clone, from which all of the v-Maf constructs 
used in this study were derived, represents a rare point 
mutant of AS42 (12). We constructed the pVp clone, which 
encodes a Maf protein containing a valine at position 257, 
and found that this construct shows no clear alteration in 
either dimer-forming ability or transforming activity. Fur- 
thermore, we reintroduced the deleted amino-terminal 54 
nucleotides back into the pl^? construct and found that the 




M ° n ArftSody C N C N C NNN 



(kD) 
84- 

47- 



33- ^ 
23- 



Overexpression of the c-Maf protein is sufficient for trans- 
formation of CEF cells. Analyses of the genomic and cDNA 
clones of the c-ma/gene indicate that the methionine codon 
located immediately downstream of the junctional site be- 
tween the viral gag sequence and the v-maf sequence in 
AS42 virus coincides with the initiation codon of the c-Maf 
protein (unpublished data). In addition to the fusion of the 



1 2 3 4 5 6 7 8 

FIG. 7. Demonstration of dimer formation of Maf protein by 
coimmunoprecipitation. Either of two mouse monoclonal antibod- 
ies, MovNl (N; lanes 2, 4, and 6 to 8) or MovCl (C; lanes 1. 3 and 
5) was used to tmmunoprecipitate * 5 S-labeIed in vitro-translated 
v-Maf proteins (indicated at the top). Numbers on the left indicate 
the molecular sizes of marker proteins. 
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TABLE 1. Amino acid compositions of Maf mutants 



Mutant 



Amino acids present" 



Total amino acids 



PT l *M to 369 M 

ND1 MG m V to 

ND2 MC 139 A to 369 M 

ND3 MG 134 A to 369 M 

NEW Mfi^P to * 9 M 

ND5 M^G to ^ 

ND6 M 25 ^ to ^ 

CD1 tQ 347g 

CD2 «M to 333 KSS 

CD3 19 M to 320 ILAS 

CD4 l9 M to ^ 

ND5CD2 M 240 G to 333 K£S 

VD1 19 M to 188 G and 222 G to 369 M 

VD3 19 Mto^Gand^Gto 369 M 

VD7 l9 Mto l88 Gand^Gto 369 M 

MD23 >»M to 171 A and to 

MD23-5 »M to ™ A XL and ™L to ™M 

MD24 » M to 171 A and to **M 

MD45 »m to M1 Q and 264 L to 369 M 

£K?£ ^to^Qand^Lto 3 *^ 

MD15 l9 Mto l37 Qand^Lto^M 

MD16 "M to 137 Q and 309 L to **M 

MD46 19 M to ai Q and 309 L to * 9 M 

c-Maf i M to 



351 
258 
233 
218 
169 
131 
118 
329 
317 
305 
236 
97 
318 
319 
301 
321 
284 

270 

339 

306 

225 

180 

294 

369 



aJiS^^ 11 ^ ^}^^g-maffusion point are indicated to the left of 
uSinef ' 3Cid reS ' dUeS 3dded * the «»« of instruction a^e 



resulting c-Maf protein forms a homodimer and induces 
transfbimation of CEF cells as efficiently as does the FT 
protein (data not shown). # 

DISCUSSION 

fmm > h c iS , StU ? y ' W t have demo ^trated that, as expected 
22 ?fT st ™ cture > the v-Maf protein localizes to the nucleus 
and forms homodimera through its leucine zipper motif. In 
addition, we constructed a series of deletion mutants of the 
trlt genC determme the minimum essential region for its 
transforming activity and found that the amitenSS 




FIG. 9. Enhanced colony-inducing activity of the Q5H mutant 

, 1 U ^ Cted 1 n ° rmaI CEF ceU cultu ™> PT, RV-2//* virus infected 
cell; CbH, cell culture infected with KV-VQ5H virus 



two-thirds of the v-Maf protein was not essential for basal 
transforming ability but has an enhancing effect on trans- 
forming activity. The amino-terminal portion of the Maf 
protein is rich in acidic residues, and similar acidic regions in 
other transcriptional factors are often responsible for their 
transcriptional activator functions (26). Thus, the amino- 
terminal portion of Maf may also have a transcriptional 
activator function. ^ 

Recently, Swaroop et al. (33) identified a *ia/-related 
gC n e ' -ru h 1S s P ecificall y expressed in human retinal 

ceils. The most striking homology between the v-Maf and 
Proteins resides in the b-Zip domains of these proteins 
suggesting that they might recognize common target se- 
quences. Interestingly, the amino-terminal portions of the 
two proteins also share significant homology. In addition 
another ^/-related gene, mafB, which we have identified in 
a CEF cDNA library, also encodes a protein' with strong 
homology with Maf and NRL in the b-Zip domain as well as 
amino-terminal portion (unpublished data). Thus, the amino- 

SttT^ ° f PTOteinS may pIa * ™ ^Portant 
role for their biological functions. 

The region of v-Maf essential for its basal transforming 
activity primarily consists of the b-Zip domain. Mutations 
hat alter the b-Zip structure of other b-Zip-type transcrip- 
tional regulators are known to alter their DNA-binding 
activities (9, 17, 21, 27, 28, 35). In the case of Maf, mutatS 
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h. .h« basic, P»»'ive x tTAJSSSSyS^ 

dimer-forming ability and transforming activity. 

We ha™ also shown in this study that overexpress.on of 
th Tcmaf proto-oncogene causes cell transformation. In 
gener^virS oncogen! * are modified anc 1 somet.mj ^trun- 
cated versions of their cellular counterparts, and they usu 
Sv exhibit stronger transforming activities than do their 
^counterparts (2, 22). For instance even untaM he 
control of a strong retroviral promote^ the c-re^ ptoto 
oncoeene exhibits no transforming activity (34). Some ot the 
ceS oncogenes, such as cjun, ^£^£££22 
,v*t,»ntial when thev are overexpressed, but mutations seem 
KfneceSJry to convert them to the fully transforming 
lenes ?4) gene constitutes an interesting exception 

in tha the overexpressed c-ski gene is mor< : potent in 
transforming activity than is its viral counterpart v-*fo (6) 
n the^e of ma/, two structural changes are found between 
L S^egTons of v-^/and c-m«/ (unpublished data): ,) 
a subS tution of the methionine residue at position 257 to 

^SihS I end. Neither of these structural changes how- 
LeHeems "o affect the dimer-forming ability and trans- 
Sinractivity of Maf. Thus, overexpression or escape 
- frray^scriptional regulation or both may be impor- 
tant forThe transforming potentml of ^f.f^^ 
et al (25) reported that the truncation of 3 noncooing 
- Sauences of c-fos mRNA, which contains the sequence 
SS> °r rapid mRNA turnover was important for 
oncogenic activation. In fact, as does the c-fos mRNA the 
c^afttanscript has relatively long noncoding sequences at 
both ends (unpublished data). 

During the in vitro mutagenesis study, we noted tha one 
pcX mutation (Q5H) potentiates the transforming ^act.vity 
tfv-Maf. At present, we do not know the mechanism of this 
oo«Sion, as this mutation has no apparent effects on the 
dTm?r forming ability of v-Maf. On the other hand, we have 
found n the AS42 virus stock a series of naturally occurring, 
shorte variants of the s-maf oncogene which retain trans- 
foSg activity comparable to that of the parental v-maf 
S (12) Lack of accumulation of these vanous structural 
aUerauons in the v-ma/gene may reflect the recent isolation 
of !ne AS42 virus and it! cloning prior to multiple : passage^ 
In this study, the v-Maf protein was found to form 
homodiSers in vitro, and no other v-Maf-assoc.ated protem 
Sd be detected in the lysate of AS42- mfected CEF celte 
5J immunoprecipitation with a Maf-specific antiserum, sug- 
gesSg that the viral Maf protein probably acts .as a ho- 
Simer. Wc cannot, however exclude the possibility that 
v-Maf forms heterodimers with other leucine zipper pro- 
teins In fact, we have recently found that the product of a 
^related gene, mafB, forms heterodimers with v-Maf in 
So (unpublished data). The ability of other leucine zipper 
prote ns tt form heterodimers with Maf remams to be tested. 



J. Virol. 

region of the Jun ana Jl- j f Maf prot ein to 

and is currently under way. 
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Differential Regulation of IL-12 and IL-10 Gene Expression in 
Macrophages by the Basic Leucine Zipper Transcription 
Factor c-Maf Fibrosarcoma 1 



Shanjin Cao,* Jianguo Liu,* Marta Chesi, + Peter Leif Bergsagel, 1 I-Cheng Ho,* 
Raymond P. Donnelly, 5 and Xiaojing Ma 2 * 

IL-12 is a principal activator of both innate and adaptive immunity against infectious agents and malignancies. Regulation of 
proinflammatory IL-12 gene expression in phagocytes by the anti-inflammatory cytokine IL-10 represents a major homeostafcc 
process underlying host-pathogen and host-self interactions. Delineation of the signaling pathway of IL-10 is crucial to the 
understanding of immunological regulatory networks. In this study, we report that IL-10 and c-musculoaponeurotic fibr(«arcoina 
(Maf) induce their mutual expression in inflammatory macrophages. We demonstrate that c-Maf is one of the physiological 
mediators of IL40's immunosuppressive activities. When overexpressed, c-Maf selectively inhibits transcriptional actavahon of 
IL-12 p40 m dp35 genes while potently activating IL-10 and IL-4 expression, potentially contributing to the developmen^f a state 
of anti-inflammation and dichotomy of immunologic polarization. c-Maf induces changes in nuclear DNA-bmding activiUesa 
multiple sites including the ets, GA-12, NF-kB, C/EBP, and AP-1 elements. Nonetheless, the essenbal c-^responsive element 
appears to be located elsewhere. Inhibition of IL-12 p40 gene expression by c-Maf requires the N-tenmnal transaction domain, 
suggesting an indirect mechanism of transcriptional inhibition involving the induction of an unidentified repressor. In c-Mai- 
deficient murine macrophages, IL-10 production is impaired. However, BL-10-mediated inhibition of IL-H production remains 
intact, indicating the existence of alternative mediators in the absence of c-Maf, consistent with the observation that a functional 
AP-1 is required for this pathway. The Journal of Immunology, 2002, 169: 5715-5725. 



Inflammatory responses help the immune system respond to 
infection, while anti-inflammatory responses, arising as a by- 
product, control excessive damage to the host. Loss of this 
balance can lead to disproportionate pathology or immunosuppres- 
sion. Cytokines play major roles in regulating the type, duration, 
and extent of immune responses in a temporal and spatial manner. 
IL-10 and IL-12 are two key players in these processes, usually 
acting in opposition. 

IL-12 is a heterodimer produced primarily by macrophages and 
dendritic cells in both innate and adaptive immune responses and 
helps induce T cell-dependent and -independent activation of mac- 
rophages and NK cells, generation of Th type 1 and cytotoxic T 
cells, and resistance to intracellular infections (1). IL-12 has pow- 
erful antitumor and antimetastatic activities against many murine 
and human tumors (2). The genes encoding the two heterologous 
chains of IL-12, p40, and p35 are located on different human chro- 
mosomes. The highly coordinated expression of p40 andp35 genes 
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is essential for the initiation of an effective immune response. In- 
fectious agents and tumors evade immune activation by producing 
immunosuppressive agents such as IL-10, IL-4, TGF-£, PGE2, 
glucocorticoids, etc. that inhibit EL-12 production. How these im- 
mune suppressants inhibit IL-12 production at the molecular level 
is not well understood. 

We have previously demonstrated that EL-10-mediated inhibi- 
tion of IL-12 production in human monocytes occurs primarily at 
the level of transcription of the p40 and p35 genes and requires de 
novo protein synthesis (3). Efforts to delineate the molecular path- 
way of this inhibition required identification of mediators of IL- 
10's potent anti-inflammatory and immunosuppressive activities. 
We used cDNA microarray analysis to search for genes that were 
induced by IL-10 in LPS-activated human macrophages as candi- 
dates to participate in inhibition of IL-12 production. One of the 
genes we identified in this search was c-musculoaponeurotic fi- 
brosarcoma (Maf). 3 

c-Maf is the cellular counterpart of v-Maf, the transforming 
gene of the avian retrovirus AS42 for Maf. c-Maf belongs to a 
growing family of basic leucine zipper (bZIP) transcription factors 
(4). Along with cyclin Dl and fibroblast growth factor receptor 3, 
c-Maf was identified as one of three most frequently dysregulated 
proto-oncogenes by chromosomal translocation to an IgH locus in 
human multiple myeloma (5. 6). The role of cyclin Dl, fibroblast 
growth factor receptor 3, and c-Maf in the etiology of this malig- 
nancy has not been defined. The first direct demonstration of a 
physiological role of c-Maf was provided by studies in mice ge- 
netically rendered deficient in this gene (7-9). Disruption of the 



J Abbreviations used in this paper Mat musculoaponeurotic fibrosarcoma; bZIP, 
basic leucine zipper: RPA, RNase protection assay; RT, reverse transcription; LZ, 
leucine zipper domain; HO, heme oxygenase; IRES, internal ribosomal entry stie; 
EGFP, enhanced green fluorescent protein. 
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c-Maf gene affected both intrauterine and postnatal survival (7). 
Subsequently, it was shown that deficiency in c-Maf resulted in a 
specific defect of IL-4 production by CD4 + T lymphocytes and a 
lack of Th2 differentiation (10). Thus, c-Maf is both a develop- 
mentally and immunologically important gene. 

In this study, we demonstrate that c-Maf is a potent activator of 
IL-10 gene expression in monocytes/macrophages. When overex- 
posed, it could also suppress IL-12 p40 and p35 gene transcrip- 
tion. We explore the underlying molecular mechanisms. 

Materials and Methods 

Cells and reagents 

Human monocytes were obtained by leukopheresis and the purity of the 
preparations was routinely >95%. The murine monocyte-like cell line 
RAW264.7 was obtained from American Type Culture Collection (Man- 
assas, VA) and maintained in RPMI 1640 containing 10% FCS, 2 mM 
L-glutamine, and penicillin/streptomycin. Anti-IL-10 and isotype control 
Abs were purchased from R&D Systems (Santa Cruz, CA). Recombinant 
human and murine IFN- 7 were purchased from Genzyme (Boston, MA). 
Recombinant human M-CSF was purchased from PeproTech (Rocky Hill, 
NJ). LPS from Escherichia coli 0127:B8 was purchased from Sigma-Al- 
drich (Sl Louis, MO). All Abs used in EMSA analysis were from Santa 
Cruz Biotechnologies (Santa Cruz, CA). 



Microarray analysis 

The Atlas Human 1.2 Array (catalog no. 7850-1; Clontech laboratories, 
Palo Alto, CA) contains 1176 human genes, nine housekeeping control 
cDNAs and negative controls immobilized on a nylon membrane. The 
manufacturer's instructions were followed for probe synthesis, hybridiza- 
tion washing, signal scanning (in Phosphorlmager Storm 860; Molecular 
Dynamics, Sunnyvale, CA), and data analysis. Quantitative data analysis 
was performed using the Phosphorlmage software ImageQuant 5.0. RAW 
data were normalized between membrane pairs by global means. 

The Affymetrix (Santa Clara, CA) oligonucleotide array HG-U95A con- 
tains 12,600 sequences (each represented by 16 pairs of 25-mer oligonu- 
cleotides). Manufacturer's instructions were followed in the use of these 
arrays. Data analysis of the array data was performed using Microarray 
Suite (Affymetrix) and GeneSpring (Silicon Genetics, Redwood City, CA). 

Plasmids 

All human IL-12 p40 promoter-luciferase constructs have been described 
previously (11,12). The human IL-12 p35 promoter was as described (13). 
The murine IL-4 promoter-luciferase construct was obtained from Dr. R. 
Flavell of Yale University (New Haven, CT; Ref. 14). The human IL-10 
promoter-luciferase construct was obtained from Dr. L. Ziegler-Heitbrock 
of University of Leicester (Leicester, U.K.). It contains a piece of the hu- 
man IL-10 promoter region up to -1044. The NF-kB luciferase plasrrud 
was purchased from Stratagene (La Jolla, CA; catalog no. 219078). The 
human c-Afa/cDNA (both long and short isofonns) was tagged with hem- 
agglutinin and cloned into the mammalian expression vector pCEFL, under 
the EF-la promoter (15). The mutant c-Maf construct bZIP domain (LZ) 
was generated by PCR (sense primer: GGGGAATTCCTGCACTTCGAC 
GACCGCTTC; antisense primer: CCCTCTAGATCACATGAAAAACT 
CGGGAGAGGA). It contains the basic DNA-binding domain and the LZ, 
lacking the transactivation domain completely. Likewise, the LZ mutant 
contains only the LZ generated with the sense primer (ACGAATTCCA 
CGTCCTGGAGTCGGAG) and antisense primer (CGTCTAGATCATT 
TTGTGAACACACTGGT). The C/EBP and API mutants of the human 
IL-12 p40 promoter were created by overlapping PCR in me context of die 
-292/+ 108 construct. The wild-type sequence in this region is Gi l 11 
CAATG TTGCAAC AAGTCAGTT, the C/EBP mutant sequence is GTT 
TTCAATGGACGTCCAAGTCAGTT, with the underlined sequence be- 
ing the target site different between the two. The AP-1 mutant construct has 
the sequence of CAACAAGTXQGTTTCTAG vs the wild-type CAAC 
AAGTCAGTTTCTAG. All mutant constructs generated by PCR were 
completed sequence verified. The dominant negative mutant of AP-1 (A- 
Fos) was generously provided by Dr. C. Vinson (National Cancer Institute, 
National Institutes of Health, Bethesda, MD). All plasmids were purified 
using the Qiagen Endotoxin free kit (Qiagen, Valencia, CA). 

Adenoviral vectors and their propagation 

We integrated p-internal ribosomal entry site 2 (pIRES2)-enhanced green 
Runrpvrm nmtein (EGFP) (Clontech Laboratories) into pAdeno-X express 



cDNA (hc-Maf) from its original vector into the and Snuxl sites in 
S-EGFP dien transferred the hc-Maf-IRES-EGFP fragmen USacl 
ITaSrunto pShuttle vector 

human c-Maf and EGFP expression cassette (hc-Maf -»ESjBOT) w» 
Ed with the pAdeno-X backbone by I-Ce«I and P -See [digesuon^At 
Me time, we constructed an EGFP alone expression vector as a con- 
u^l^subclomng the IRES-EGFP sequence into pShuttle vector by Nhel 
2 WUte. then transferred the EGFP alone «4~ <£« 
into pAdenc-X using the same construction strategy as ^***« * e 
hc-Maf-IRES-EGFP vector. Viruses were propagated m the human em- 
bryonic Iddney 293 cell line and purified by uitracentrifu^tion through 
two cesium chloride gradients. Titers of viral stocks were 
plaque assay in human embryonic kidney 293 cells after exposure to virus 
for 1 h in serum-free DMEM. Freshly isolated human monocytes were 
cultured in human M-CSF for 2 days. The resulting macrophages were 
exposed to recombinant virus (200 PFU/cell) for 4-8 h 
RPMI 1640 medium followed by equal volume of RPMI 1640 supple- 
mented with 10% FCS for an additional 24 h. The transfcction medium was 
replaced with fresh RPMI 1640 medium with 10% FCS. Twenty-four hours 
later the transfection efficiency was monitored by 0-galactosidase staining 
(16) or EGFP expression under reverse-phase fluorescence microscope. 

To construct the kcZ-based adenovirus vectors, Clontech Adeno-X Ex* 
pression system (Clontech Laboratories) was used- We subcloned human 
c-Maf cDNA into the pShuttle vector, then subcloned the human c-Maf 
expression cassette into Adeno-X Viral DNA (Clontech Laboratories). Ad/ 
lacZ was constructed by subcloning lacZ expression cassette from 
pShuttle/iflcZ (supplied in the Clontech Adeno-X Expression system as a 
positive control) into Adeno-X Viral DNA. 

Transfections 

Transient transfections were performed by electroporation as previously 
described (11). Transfection efficiency was routinely monitored by {5-ga- 
lactosidase assay by cotransfection with 3 pig of pCMV-0-galactosidase 
plasmid. Variability between samples was typically <10%. Lysates were 
used for both luciferase and 0-galactosidase assays. 



Cytokine assays 

Cytokine secretion was measured by ELISA, using appropriately diluted 
culture supematants. Human IL-12 p40 and p70, mouse IL-12 p40, p70, 
and IL-10 were measured by the respective ELISA kits from BD Phar- 
Mingen (San Diego, CA). 

RNase protection assay (RPA) 

RPAs were performed using the human CK2b RiboQuant Multiprobe RPA 
system from BD PharMingen according to the manufacturer's lnstmcnons. 
A total of 10 ju,g of RNA was used for each determination. The nboprobe 
for c-Maf was generated by transferring c-Maf cDNA from pCEFL into 
PCR2 1 (Invitrogen, Carlsbad, CA). For in vitro transcription suing T7 
RNA polymerase, the plasmid was linearized first with Bg/II. The resulting 
probe was 215 bases long, and the protected probe was 125 bases. 

RT-PCR 

Reverse transcription (RT) reactions were conducted as follows: 0.4 jig 
total RNA was mixed with 2 y\ oligo(dT) primers (16 mer, 0.5 mg/mJ) and 
ddH,0 to equalize volumes of all samples at 8.5 fd. The mix was boiled 
for 5 min, quenched on ice, spun down briefly, and 1 1.5 p.\ of a Master Mix 
was added. The RT Master Mix consisted of 4 pJ 5X first strand buffer 
(Life Technologies, Grand Island, NY), 4 p! 2.5 mM dNTPs, 2 ^ I 0.1 M 
DTT 0 5 ii\ RNase inhibitor (40 U/jud; Boehringer-Mannheim, Indianap- 
olis IN), and 1 tii Supercript II RT (200 U/*U; Life Technologies), The 
reaction was incubated at 37°C for 90 min, then 95°C for 10 min, foUowed 
by a 4°C soak. To each sample (in 20 jtl total volume) 80 jzJ ddH z O were 
added: A total of 2.5 ^1 were used for each PCR of 25 /d. 

The following primers were used for PCR amplification: 0 
(U03905), upper: CACAGGGCTGTATCACATCG, lower C^AGTTGA 
CTGGTGCTTTCA; 2) glutaredoxin (X76648), upper: GCCCAAGAG 
ATCCTCAGTCA, lower: CAATTGGGTCCTGTGACCTT; 3) heme oxy- 
genase (HO)-l (X06985), upper: ATGACACCAAGGACCAGAGC, 
lower AGACAGCTGCCACATTAGGG; 4) 1L-1R type 2 (X59770XUP- 
per TGGGTCTCAGTCCTCCACTT, lower. TACCCCAGAGGTTGAC 
AAGG; 5) c-Jun N-terminal kinase 2 (L31951). upper. CCOTCJ^' 1 \ l 
CAGAACCAAA, lower CAACXnTTCACCAGCTCTCC; 6) 
(L35253), upper GACACAAAAACGGGGTTACG, lower TGCAIVC 
CACTGACCAAATA; 7) hypoxanthine phosphoribosyl transferase 
(M26434.1), upper CX7TGCTGGATTACATCAAAGCACTG, lower TC 
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* The thermal cycling conditions were 94°C. for 3 min, 60«C : for 30 s^nd 
72°C for 30 s. for I cycle, followed by 35 cycles of 94°C for 30 s, 60 C 
for 30 s, and 72°C for 30 s. 
Nuclear extraction 

Nuclear extractions for Western blot analysis and for EMSA assays were 
done according the method of Schreiber et al. (17). Briefly, 5-10 X 10" 
cells were washed and resuspended in 600 pi of buffer containing 10 mM 
HEPES (pH 7.9), 10 mM KC1, 0.1 mM EDTA, 1 mM DTT, and 0.5 mM 
PMSF for 15 min on ice. Cells were lysed in 0.6% Nonidet P-40 with 
vortexing for 10 s. The homogeoate was centrifuged for 30 s in a microfuge 
and the nuclear pellet was resuspended in ice-cold buffer containing 20 mM 
HEPES (pH 7.9), 0.4 M NaCl, 1 mM EDTA, 1 mM DTT, and 1 mM PMSF 
at 4°C for 15 min with rocking. Following centrifugation in a microfuge for 
5 min. the supernatant was either used immediately or frozen at -70°C 

EMSA 

EMSA and supershifts were Derformed as described previously (18). Oli- 
gonucleotides used for EMSA: ets-2, CCC AA AAGTC ATTTCCTCTT 
AGTTCATTA; GA-12, CCTCGTTATTGATACACACACAGAGA; NF- 
kB ACTTCTT GAAATTCCCC CAGAAGG; and OEBP/AP-1, GAGAG 
TTGTrrTCAATGTTGCAACAA^TCA^TTTCT. The underlined se- 
quences are the respective binding motifs. 

Generation of macrophages from the fetal liver ofc-Maf 
knockout mice and genotyping 

Disruption of both copies of the c-Maf gene affected both intrauterine and 
postnatal survival, so we derived macrophages of from day-14 embryos of 
c-Maf'- mothers on a mixed background of 129 and C57BL6 (7). Mother 
mice were euthanized by C0 2 inhalation, the trunk soaked in 70% ethanol 
for 3-5 min, a midline incision was made on abdomen, and the gestational 
uterus was dissected exposing the embryos. Embryos were dissected and 
embryonic liver excised, then transferred into a 60-mm petri dish. A few 
drops of PBS were added to the liver, which was cut into small pieces with 
scissors. Single cells were prepared by mechanical disaggregating grinded 
with a syringe insert against a cell strainer (70 nylon, no. 352350; BD 
Biosciences, Franklin Lakes, NJ). The strainer was rinsed with DMEM 
containing high glucose, spun down at 1200 rpm for 5 min, and the cell 
pellet was resuspended in DMEM (high glucose, endotoxin tested; Life 
Technologies) supplemented with 10% FCS (heat-inactivated), streptomy- 
cin (100 Mg/ml), and penicillin (100 unit/ml), and 20% L929-conditioned 
. medium. Three to 4 days later, the celts were fed fresh conditioned media. 
Six days later, the cells were detached by treatment with 10 mM EDTA 
in PBS. A portion of the cells were analyzed by flow cytometry (staining 
with F4/80), which demonstrated a purity of >98% macrophages (19). 
The mature macrophages were replated after counting for further 
experimentation. 

Determination of the genotype of each embryo was performed by PCK 
using genomic DNA derived from a hind leg and primers that were able to 
differentiate the wild-type c-Maf gene from the disrupted copy (7). 

Western blotting 

Western blot was performed as previously described (18). 
Statistical analysis 

Student's t test was used for data analysis where appropriate. Data are 
expressed as mean ± SD unless otherwise indicated. 

Results 

c-Maf gene expression is induced by IL-10 and IL-4 in activated 
human peripheral blood monocytes 

To identify some of the genes that are induced by IL-10 in mono- 
cytes activated by LPS or IFN-7 plus LPS, we prepared total RNA 
samples from human peripheral blood-derived monocytes purified 
by leukopheresis, labeled them with [a-* 2 P]dATP, and hybridized 
them to the Atlas Array (Clontech Laboratories) containing 1176 
human genes that are involved in most of the major physiological 
pathways (Fig, 1, a and b). We searched for genes that were in- 
duced by IL-10 in both LPS- and IFN-y/LPS-activated monocytes 
because the inhibitory effects of the potential IL-10 mediators must 
not be reversible by IFN-y, given that IL-10 is able to inhibit IL-12 
production regardless of the presence or absence of IFN-y. A small 
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FIGURE 1, Differential gene expression in activated human monocytes 
treated with IL-10. Elutriated human monocytes were stimulated with LPS 
(1 jLtg/ml) for 4 h or pretreated with recombinant human IL-10 (20 ng/ml) 
for 2 h followed by LPS stimulation. Some monocytes were pretreated with 
IFN-7 (10 ng/ml) for 16 h followed by IL-10 and LPS treatment, a and b, 
cDNA microarray analysis. Total RNA were isolated and 10 ftg were la- 
beled by RT in the presence of [a- 32 P]dATR An equal number of cpms of 
the two probes were applied to hybridization with the Atlas arrays follow- 
ing the manufacturer's instructions, a, LPS- vs IL-10 + LPS-treated cells, 
IFN-7/LPS- vs IL-10 + IFN-yLPS-treated cells. Arrows indicate some 
of the well-known inflammatory cytokines as well as c-Maf. c t Correlation 
of mRNA expression between IL-10-mduced c-Maf and IL-12 p40/p35 in 
human monocytes. Total RNA were subjected to RPA using the BD 
PharMingen's Multiprobe set hCK2b. The same RNA samples were also 
analyzed by RPA using a riboprobe for human c-Maf (see Materials and 
Methods for details). a\ c-Maf protein expression in the nucleus. Human 
monocytes were stimulated as indicated with LPS or IFN-y plus LPS in the 
presence or absence of IL-10 (20 ng/ml). Nuclear extracts were isolated 
and 13 ^g of proteins analyzed by denaturing Western blot with a poly- 
clonal anti-c-Maf Ab. The blot was subsequently stripped and reprobed 
with an anti-PU.l Ab to assess protein loading, e, c-Maf protein expression 
in the nucleus. Mouse peritoneal macrophages were elicited by thioglyco- 
late injection. Cells were stimulated or not with IFN-7 plus LPS in the 
presence or absence of IL- 10 (20 ng/ml) for 1 or 2 h. Nuclear extracts were 
isolated and 34 jig of proteins analyzed by denaturing Western blot with 
the same polyclonal anti-c-Maf Ab used above, which reacts with both 
human and murine c-Maf. 
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group of genes that were induced >4-fold in monocytes from five 
of five donors treated with LPS or IFN-y plus LPS and IL-10 are 
listed in Table I. Several of these genes have been implicated in 
anti-inflammatory or Th2 responses (20-26). Among these c-Maf 
caught our attention because of its role in promoting IL-4 gene 
expression and Th2 development, a process that functionally op- 
poses EL-12-induced Thl diflferentiation (10). 

We verified by RT-PCR the status of differential expression ot 
some of the genes identified in this search using RNA isolated 
from monocytes of a separate donor with the same stimulations. 
All genes appeared to be consututively expressed, and the consti- 
tutive expression was inhibited in monocytes activated by LPS or 
IFN-7 plus LPS. Treatment of activated cells with IL-10 signifi- 
cantly up-regulated the mRNA expression of these genes (data not 
shown). Hie differential expression of c-Maf mRNA was con- 
firmed by RPA, which revealed an inverse relationship with IL-12 
p35 and p40 mRNA expression (Fig. 1c). Notably, c-Maf mRNA 
expression in monocytes was also constitutive {lane 1). LPS or 
IFN-7 plus LPS challenge of monocytes resulted in its suppressed 
expression {lanes 2 and 5). Both LV10 and IL-4 treatment of LPS- 
stimulated monocytes caused an induction of c-Maf mRNA {lanes 
3 and 4\ but IL-4 failed to induce c-Maf in IFN- 7 /LPS-treated 
cells, and to inhibit IL-12 p35 and p40 expression {lane 7), sug- 
gesting that the mechanisms of induction of c-Maf expression by 
IL-10 and IL-4 are likely different. 

Western blot analyses were also performed to evaluate the reg- 
ulation of nuclear c-Maf protein production by IL-10 in human 
monocytes and mouse peritoneal macrophages. In human mono- 
cytes c-Maf was constitutively present in the nucleus (Fig. lrf, 
lane }). Upon LPS or IFN-7 plus LPS stimulation, c-Maf level was 
strongly reduced {lanes 2 and 4), whereas IL-10 treatment reversed 
this inhibition {lanes 3 and 5). This result is consistent with the 
mRNA data presented in Fig. id. In thioglycolate-elicited mouse 
peritoneal macrophages, c-Maf protein expression was also con- 
stitutive (Fig. U, lane i). However, cellular activation by IFN-7 
and LPS treatment did not result in a complete down-regulation of 



Table I. Genes that were significantly induced in LPS-activated human 
monocytes by IL-MF 



c-Maf (lane 2). IL-10 treatment for 1 or 2 h led to a strong up- 
regulation of c-Maf in these cells {lanes 3 and 4). 

c-Maf expression in primary macrophages selectively inhibits 
IL-12 gene expression and induces IL-10 expression 
To determine whether c-Maf expression in PBMC-derived human 
macrophages was causative for suppressed IL-12 production, we 
transduced human monocyte-derived macrophages obtamed by 
culturing in M-CSF with an adenovirus carrying either a cDNA 
coding for human c-Maf or for the loci gene. As shown in Fig. 2a 
macrophages transduced with a tocZ-expressing virus produced 
IL-12 p40 (upper panel) and P 70 (middle panel) when stimulated 
with LPS alone (p40 only) or IFN-7 plus LPS. Culturing mono- 
cytes in M-CSF resulted in a "priming" effect for expression of 
IL-12 p40 but not p70, i.e., p40 production no longer depended on 
IFN-v Transduction of macrophages with the c-Maf-expressing 
virus caused a strong inhibition of IL-12 p40 and P 70 secretion. 
However IL-10 production was induced by c-Maf in resting mac- 
rophages,' and markedly enhanced in LPS or IFN-v plus LPS-stvm- 
ulated cells (lower panel). 

We next addressed the question of whether the inhibitory effects 
of c-Maf were restricted to IL-12. We transduced human macro- 
phages with Ad/EGFP or Ad/c-Maf, and analyzed cytokine mRNA 
expression by RPA in these cells following appropriate stimulation 
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FIGURE 2. c-Maf is an inhibitor of IH2 protein secretion and mRNA 
expression by macrophages, a, Adenovirus/c-Maf-mediated inhibition of 
IL-12 production in human macrophages. Human rnonocyte-denved mac- 
rophages were transduced with adenovirus/c-Maf or AMacZ at 200 PFU/ 
cell for 8 h Cells were subsequently washed and stimulated with LPS alone 
(24 h) or IFN-7 (16 h) followed by LPS (24 h). Cell-free supernatant for 
assayed by ELISA for the production of human IL-12 p40 {upper panel), 
P 70 {middle panel), and IL-10 ( lower panel). The data shown in this figure 
are derived from one of three independent experiments with very similar 
results The rate of adenovirus transduction in this experiment was between 
20 and 309b. To normalize the data from the variously tranduced cells, total 
cellular protein contents were measured and they showed little variation 
among samples. Differential effects of c-Maf on cytokine mRNA ex* 
pression in human macrophages. Human peripheral blood-denved macro- 
phages were transduced with Ad/GFP or Ad/c-Maf/GFP for 24 h followed 
by stimulation with IFN- 7 for 16 h followed by LPS stimulation for 4 h. 
Total RNA was isolated and multiple cytokine RPA performed using the 
hCK2b probe set. The three arrows highlight the three inversely affected 
genes by c-Maf expression: IL-12 p35. p40, and IL-10, respectively. One 
representative RPA of three is shown. 
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with IFN-y and LPS (Fig. 2b). c-Maf expression in these macro- 
phages resulted in a strong inhibition of mRNA expression of 
IL-12 p40 and p35 with minimal effect on other cytokines and a 
strong induction of IL-10 mRNA synthesis, confirming the protein 
profiles of these cytokines (Fig. 2a). This indicates that c-Maf 
inhibits IL-12 gene expression selectively, and c-Maf and IL-10 
could induce each other's expression. 

The observation of the ability of c-Maf to up-regulate IL-10 
expression in inflammatory macrophages prompted the question of 
whether c-Maf-mediated inhibition of IL-12 production was de- 
pendent on IL-10. To address this possibility, we applied neutral- 
izing IL10 Ab to the cultures of c-Maf-transduced human mac- 
rophages. In two of three donors, the inhibition of IL-12 p40 or 
p70 production by the transduced c-Maf expression was not re- 
versed at all by the presence of the Ab while there was a partial 
reversal in the third donor (data not shown). Nonetheless, in all 
three donors c-Maf transduction resulted in strong inhibition of 
IL-12 production. The lack of a consistent correlation between 
blocking of IL- 10 in c-Maf-transduced macrophages and a reversal 
of c-Maf-mediated inhibition of IL-12 production led us to con- 
clude that c-Maf does not inhibit IL-12 production simply by stim- 
ulating IL-10 production. 

c-Maf differentially regulates p35, IL-12 p40, and IL-4 
and IL-10 gene transcription 

To further delineate the molecular mechanism by which c-Maf 
exerts its inhibitory effects on IL-12 p40 and p35 transcription, we 
used a well-established transient transfection system in the murine 
monocytic cell line RAW264.7 (11). When the human IL-12 p40, 
p35, or IL-4 and IL-10 promoter-luciferase reporter constructs 
were cotransfected into RAW cells, IL-12 p40 and p35 promoter- 
driven luciferase activity in IFN-7/LPS-stimulated cells was 
strongly inhibited by c-Maf expression (Fig. 3a). In contrast, IL-4 
and IL-10 promoter activities were greatly enhanced, consistent 
with the reported selective role of c-Maf in IL-4 gene transcription 
(14). Notably, IFN-y strongly suppressed c-Maf-induced IL-4 and 
IL-10 transcription. 

It is generally believed that in transient transfections, the re- 
porter gene (herein termed "transgene") is not associated with a 
chromatin structure as is the endogenous gene. To ascertain if the 
observed effects of c-Maf on the IL-12 p40 reporter gene in RAW 
cells could also pertain to the endogenous (chromosomal) IL-12 
p40 gene, we cotransfected the human IL-12 p40 promoter-re- 
porter construct with the control vector pCEFL or the two isoforms 
of c-Maf (long and short; Ref. 5) in two amounts (reporter to 
effector molar ratio of 3:1 and 9:1, respectively). Both IL-12 p40 
promoter-driven luciferase activity and the endogenous IL-12 p40 
protein secretion in RAW cells stimulated by IFN-y and LPS were 
strongly inhibited as a result of c-Maf expression (Fig. 3b), indi- 
cating that the transcription of IL-12 p40 is suppressed by c-Maf 
acting on the u episomaT and chromosomal genes alike. 

Localization of the c-Maf-responsive element within the IL-12 
p40 promoter 

The human IL-12 p40 promoter contains three critical c/s-elements 
involved in the regulation of its transcription by LPS and IFN-y. 
an ets site at -211/-206 (TTTCCT), an "NF-kB half site" at 
-117/- 107 (TGAAATTCCCC), and a C/EBP site at -72/-80 
(ATGTTGCAA). The ets site and its surrounding sequences inter- 
acts with a large complex named Fl, which is induced by either 
LPS or IFN-y, and is composed of ets-2, PU.l, IFN regulatory 
factor- 1, IFN consensus binding protein, NF-kB c-ReL and a novel 
ets-2-related protein (11, 12, 27). The NF-kB half site binds p50/ 
p65 and p50/c-Rel heterodimers induced by LPS (12, 28-30). The 
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FIGURE 3. c-Maf differentially regulates IL-12 p35 t p40, lL-4 t and 
IL-10 transcription, a, c-Maf-mediated regulation of IL-12 p40, p35 t IL-4. 
and IL-10 reporter gene transcription in RAW264.7 cells. Human IL-12 
p40 (3.3 kb), p35 (1.14 kb), mouse IL-4, or human IL-10 promoter-lucif- 
erase constructs were cotransfected transiently with a human c-Maf ex- 
pression vector or its empty parental vector pCEFL into RAW264.7 cells 
at a molar ratio of 3:1 (reportereffector). Cells were then stimulated with 
LPS alone or IFN-y (16 h) followed by LPS (7 h). Cell lysates were pre- 
pared and assayed for luciferase activity using a luminometer. The data are 
summaries of three independent experiments. The protein expression of 
transfected c-Maf (human) in this transient transfection was analyzed by 
Western blot using a polyclonal anti-c-Maf Ab that cross-reacts with both 
human and mouse c-Maf. Note the constitutive c-Maf expression in c-Maf- 
transfected cells, and an absence of such expression in control vector- 
transfected cells stimulated by LPS or IFN-y plus LPS. The c-Maf expres- 
sion in unstimulated cells was derived from the endogenous gene (mouse). 
b % c-Maf-mediated inhibition of the endogenous (chromosomal) IL-12 p40 
gene expression in RAW264.7 cells. The 3.3-kb human IL-12 p40 promot- 
er-luciferase construct was cotransfected transiently with a c-Maf expres- 
sion vector (carrying the cDNA for the long or short isoform of c-Ma0 or 
the control vector pCEFL into RAW264.7 cells at a molar ration of 3:1 or 
9:1 (reportereffector). The luciferase activity derived from this IL-12 p40 
promoter is denned as that of the transgene. Cells were then stimulated 
with LPS alone or IFN-y (16 h) followed by LPS (7 h). Cell lysates were 
prepared and assayed for luciferase activity using a luminometer. Cell-free 
supernatants were assayed by ELISA to measure the endogenous mIL-12 
p40 secretion, i.e., that derived from the chromosomal gene. The results are 
summaries of three independent experiments. 



C/EBP site interacts with members of the C/EBP family, particu- 
larly C/EBP0 (3 1). Another motif recently described as a negative 
element in the IL-12 p40 promoter is the GA-12 site (GATA) 
located at - 157/- 160, The binding activity of the GA-12 binding 
protein GAP- 12 was increased by treatment with two inhibitors of 
IL-12 expression, IL-4 and PGE2 in human CD14 + monocytes. 
Moreover, IL-4-mediated repression of IL-12 p40 promoter activ- 
ity was critically dependent on an intact GA-12 sequence (32). 

To identify the promoter elements) through which c-Maf me- 
diates its inhibitory effects on IL-12 p40 transcription, we used 
various deletion mutants of the p40 promoter-luciferase constructs, 
and cotransfected them with the c-Maf expression vector or the 
control vector into RAW264.7 cells. As shown in Fig. 4<z ( deletion 
of the 3300-bp p40 promoter to -222 reduced the overall pro- 
moter activities under the three experimental conditions but did not 
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FIGURE 4. Localization of the 
c-Maf-responsive element in the human 
IL-ll p40 promoter, a, A series of 5' de- 
letion mutants of the full-length human 
IL-12 p40 promoter-luciferase construct, 
which spans 3.3 kb upstream and 108 bp 
downstream of the transcription initiation 
site, were cotransfected transiently with a 
c-Maf expression vector or the control 
vector pCEFL into RAW264.7 cells at a 
molar ration of 3:1 (reporteneffector). 
Cells were then stimulated with LPS 
alone or flFN-y (16 h) followed by LPS 
(7 h). Cell lysates were assayed for lu- 
ciferase activity. The data are summaries 
of four separate experiments, fc, Effect of 
mutations at the C/EBP and AP-1 sites. 
Mutant promoter luciferase constructs of 
IL-12 p40 promoter in the context of 
-292/+ 108 were cotransfected with c- 
Maf at a molar ratio of (1:1). Luciferase 
activity was measured from cell lysates 
following stimulation of RAW264.7 
cells with IFN-7 and LPS, and normal- 
ized to the medium condition of the wild- 
type IL-12 p40 construct, which was 
taken as 1 . Data represent mean plus SD 
of three independent experiments with 
duplicate measurements each. 
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affect the c-Maf-mediated inhibition of the IFN-y/LPS-induced 
transcription. Further deletion of the promoter to —122, which 
eliminated the ets (1 1) and GA-12 (32) sites but retained the 
NF-kB site, drastically reduced the overall promoter activity (note 
the different scales of luciferase activity used), as reported previ- 
ously (11), but did not block the response to c-Maf inhibition of 
IFN-y/LPS-induced reporter activity. Removal of the NF-kB site 
by deleting a further 17 bp down to - 105 resulted in almost com- 
plete loss of the inducibility of the promoter by IFN- y and LPS, 
making it difficult to assess the ability of c-Maf to suppress its 
activity. Thus, the putative c-Maf-responsive element is either 
overlapping with the NF-kB site or located further downstream. Of 
note, the -122 and -105 constructs, as well as a construct that 
contains only the TATA box (data not shown), consistently re- 
sponded positively to c-Maf expression in unstimulated or LPS- 
stimulated cells. This reinforces the notion that c-Maf may also act 
as a transcriptional activator, depending on the promoter context. 

Because of the noted role of the c/EBP (31) and AP-1 (33) sites 
in the regulation of the mouse IL-12 p40 promoter, we sought to 



bition of the human IL-12 p40 transcriptional induction. Base I 

substitutions were introduced into these two sites separately by I 

site-directed mutagenesis in the context of the -292/+ 108 IL-12 I 

p40-\\ic construct. Cotransfection of these constructs with c-Maf 1 

was performed (Fig. 4b). Mutation of the C/EBP site resulted in a I 

substantial reduction of the human IL-12 p40 promoter activity I 

induced by EFN-y and LPS, confirming the previously reported 1 

finding (31). However, c-Maf expression still caused a significant I j 

inhibition of the mutant promoter activity. In contrast, the AP-1 I 

mutant did not affect the IL-12 p40 transcription (see Discussion I 1 

for an explanation), nor did it affect c-Maf s ability to suppress the I 1 

induced p40 promoter activity. Taken together, we conclude that I 

c-Maf s inhibitory effects on IL-12 p40 promoter activation are not I 
likely mediated through these two sites. I 

Role of the NF-kB site in c-Maf-mediated inhibition oflLrl2 I 
p40 transcription I 

Next, we focused more closely on the NF-kB site. We cotrans- I 
fected the -222 wild-type construct with the c-Maf expression I 



SEP 10 2003 10:20 FR CISTI ICIST 



TO 16172275941 P. 09 



se 

>y 

12 
af 
i a 
ity 
ed 
int 
'-1 
on 
he 
lai 

lOt 



is- 
on 
tnt 



The Journal of Immunology 

construct in which base substitutions were introduced into the 
NF-kB site (12). This mutant construct, compared with the -105 
construct, exhibits a dramatically reduced (—10-fold lower) but 
still measurable promoter activity induced by IFN-y and LPS (12). 
Fig. 5a shows that while the wild-type -222 and its NF-kB mutant 
constructs had rather different transcriptional potentials induced by 
IFN-7 and LPS, c-Maf expression in RAW cells nevertheless 
strongly inhibited both constructs* activities. This indicated that an 
intact NF-kB response element is not required for c-Maf to exert 
its suppression on the p40 promoter. This interpretation is further 
supported by the observation that the transcriptional activity of an 
NF-KB-driven luciferase construct was only partially inhibited by 
c-Maf expression in RAW cells either unstimulated or stimulated 
with IFN-7 and LPS, and not inhibited at all in LPS-stlmulated 
cells. In the same experiments, the full-length IL-12 p40 promoter 
activity was totally ablated under all three conditions (Fig. 5b), 
These results imply that the c-Maf-response element may be lo- 
cated downstream of the NF-kB site. 

Forced c-Maf expression induces changes in multiple nuclear 
DNA-protein complexes 

We rationalized that if the transcriptional inhibition of IL-12 p40 
mediated by c-Maf should be manifested in the DNA binding ac- 
tivities, it would induce on the p40 promoter either directly (in- 
volving c-Maf binding to the p40 promoter) or indirectly (without 
c-Maf binding to p40 promoter). We performed EMSAs to exam- 
ine physical DNA-protein interactions following forced c-Maf ex- 
pression at the ets, GA-12, NF-kB, C/EBP, and AP-1 sites that 
have been shown to be involved in the regulation of IL-12 p40 
transcription in several systems (11, 28, 31-33), Fig. 6 shows that 
forced c-Maf expression in RAW264.7 cells by transfection did 
induce several changes in these binding activities. Most notably, 
c-Maf blocked the PU.1"** complex (no. 1; see also supershift in 
Fig. 6b) identified as a target in FcyR-mediated inhibition of IL-12 
p40 transcription (13). The difference is that in the FcyR-induced 
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FIGURE 5. Role of NF-kB in c-Maf-mediated EL- 12 p40-suppressive 
effects, a, A human IL-12 p40 promoter-lucifcrasc reporter construct con- 
taining 222 bp of upstream sequence (-222) {upper panel) or a mutant 
construct that contains base substitutions within the NF-kB site located at 
- 109 {lower panel) was cotransfected transiently with a c-Maf expression 
vector or the control vector pCEFL into RAW264.7 cells at a molar ration 
of 1:1 (rcportcr.cffector). Cells were subsequently stimulated with LPS 
alone or IFN plus LPS. Cell lysates were assayed for luciferase activity. b t 
An NF-KB-<Upendent luciferase reporter construct {upper paneD or the 
3.3-kb human IL-12 p40 reporter construct {lower panel) was cotransfected 
transiently with c-Maf or pCEFL. The data are summaries of two inde- 
pendent experiments. 
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change, both PLU + (no. I) and PU.l (no. 2) were affected, 
whereas in c-Maf-mediated alterations, only PU.1 + complex is 
abrogated. Another site at which significant changes were seen 
following c-Maf expression is the NF-kB element. c-Maf expres- 
sion induced, not inhibited, stronger binding at this site. Supershift 
analysis indicated that c-Maf-enhanced NF-kB complex was qual- 
itatively similar to that induced in the absence of forced c-Maf 
expression, and consisted of p50, p65, and c-Rel (Fig. 6b). Binding 
to the GA-12 element was constitutive in unactivated cells and was 
reduced following IFN-7 and LPS stimulation, consistent with a 
negative role this site plays in IL-4-raediated inhibition of IL-12 
p40 transcription (31). However, c-Maf expression induced a re- 
duction in this constitutive binding, thus diminishing the difference 
between IFN-y/LPS-stimulated cells expressing or not expressing 
c-Maf. Binding activities at the C/EBP/AP-1 site were generally 
increased by c-Maf. 

Taken together with the transfection data, these results suggest 
that c-Maf expression induces changes in multiple nuclear binding 
activities, that in part explain why in some p40 deletion constructs, 
the constitutive promoter activity was enhanced by c-Maf. Al- 
though these changes do not seem essential because in their ab- 
sence, c-Maf is still able to suppress the p40 promoter stimulated 
by IFN-y and LPS. 

Inhibition of IL-12 p40 transcription and activation of IL-10 
transcription by c-Maf requires its N-terminal transactivation 
domain 

A functional c-Maf consists of an N-terminal transactivation do- 
main, a central, basic DNA-binding domain, and a C-terminal 
leucine zipper dimerization domain. To determine the requirement 
of these domains in the inhibition of IL-12 p40 transcription, we 
made two constructs of c-Maf with sequential deletions from the N 
terminus such that it contained no transactivation domain, but re- 
tained the DNA-binding and LZs (basic-LZ), or one that contained 
the LZ only. The ability of these deletion constructs of c-Maf to 
suppress IL-12 p40 transcription and to activate the IL-10 promoter 
was tested by transient transfection assay in RAW264.7 cells. As 
shown in Fig. la, neither mutant construct was able to inhibit 
IL-12 p40 transcription stimulated by IFN and LPS or activate 
IL-10 transcription induced by LPS to the degree attained by the 
full-length construct despite more or less equivalent expression 
levels of their respective proteins in the nucleus (Fig. lb), sug- 
gesting that the N-terminal transactivation domain is required for 
c-Maf to play its negative and positive role for IL-12 p40 and IL-10 
transcription, respectively. 

IL-10 production in c-Maf-deficient macrophages is impaired, 
whereas IL-10-mediated inhibition of IL-12 p40 production is 
intact. 

An important question was whether c-Maf is the sole mediator of 
IL-10 f s inhibitory effects on IL-12 production by macrophages. To 
address this issue, we obtained c-Maf-deficient murine macro- 
phages derived from the fetal liver of day-14 embryos because of 
the prevalent embryonic lethality of homozygous c-Maf deficiency 
(7). In c-maf -deficient macrophages derived from fetal liver (one 
wild type, two heterozygotes, and six homozygotes), the levels of 
IL-12 p40 production induced by LPS or IFN-y plus LPS were 
comparable in the three groups while IL-10 production was im- 
paired in c-Maf~'~ macrophages (Fig. 8a). However, IL-10 treat- 
ment of LPS- or IFN-y/LPS-activated macrophages strongly sup- 
pressed IL-12 p40 production, displaying no discernible difference 
from the normal or heterozygous macrophages (Fig. 8fc). 



SEP 10 2003 10:21 FR CISTI ICIST 



TO 16172275941 



P. 10 



5722 



REGULATION OF IL-12 AND IL-10 GENE EXPRESSION BY c-Maf 



Th« 



FIGURE 6. DN A-protein interactions at various 
sites of the IL-12 p40 promoter, a, EMSA was per- 
formed to examine the DNA-binding activities at 
the ets, GA-12, NF-kB, C/EBP, and AP-1 sites on 
the IL-12 p40 promoter using nuclear extracts pre- 
pared from RAW264.7 cells following transient 
transfection with c-Maf or the control vector 
pCEFL, and stimulation of the cells with LPS or 
IFN-7 plus LPS. The oligonucleotide probes con- 
taining the relevant sites are indicated by A to- 
gether with their respective names and promoter 
coordinates. The various complexes are indicated 
by numbers, b, Supershift EMSA was performed to 
identify the components of the complexes induced 
under various conditions. Two nuclear extracts 
were used in this procedure: 1FN-? and LPS-stim- 
ulated RAW264.7 cells with or without c-Maf ex- 
pression by transfection. The identified complexes 
are indicated by their names. 
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Discussion 

In this study, we took a genome-wide approach to search for genes 
that are induced by IL-10 in pathogeri/cytokine-activated human 
monocytes with a further objective to identify those that are in- 
volved in the inhibition of IL-12 production. 

The observation that all of the genes identified by this approach 
including c-Maf are constitutively expressed and that IL-10 treat- 
ment merely reverses their inhibition by macrophage-activating 
agents suggests that IL-10's general function may be to maintain a 
homeostasis of cellular activities. In other words, the intrinsic ac- 
tivities of IL-10 are to bring an activation state back to a resting 
state in a reactionary manner, as opposed to a "proactive" function 



We also demonstrated for the first time that IL-10 and c-Maf are 
capable of enhancing each other's expression, forming a positive 
amplification loop that is likely to reinforce one another's activi- 
ties, leading to a profound impact. 

We have partially localized the c-Maf-responsive element 
within the IL-12 p40 promoter by a reductionist approach of de- 
letions and mutations to a region downstream of the C/EBP and 
AP-1 site (Fig. 4), but upstream of +20 (data not shown). Our 
AP-1 mutant did not result in any reduction in the p40 promoter 
activity induced by IFN-7 and LPS, a result that differs from that 
of Zhu et al, (33), The reason for this discrepancy is not immedi- 
ately clear. Possibly, species differences could account for such a 

If. 7? nAfl nrr»mr\r*>r-liw»ifif»nac« 
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FIGURE 7. Inhibition of IM2 transcription and N ation J^^^ 

Transient confections were performed - *«*- 5 SSSJSKS « ^ 

or its deletion derivatives. The control was IFN-r/LPS- (for IL-12 p40) ^" ^ZalFL full-length c-Maf; basic-LZ, c-Maf construct containing 
activation (see F,g. 3c). Luciferase activities are expressed as percentage '^^^f^^^^^ containing only the protein 
no trans-activation domain but retaining the DNA-bindmg (baste) and d^enwtion (U) do« c Mat jo ^ 
dimerization domain. Some basic structural features of the wild-type c-Maf are ''^J^^^^^SSl ce„ s stimulated with IFN- 7 
was analyzed by Western blot using a flag Ab (hemagglutinin-tag). Note that the nuclear extracts were derived from RAW*» 
and LPS. Data are representative of three independent experiments. 



reporter was used in our study and the study in which the role of 
the API site was investigated used the murine /L-/2 p40 promoter 
linked to a CAT reporter. 

Analyses of direct nuclear DNA-binding activities at the critical 
sites such as ets, GA-12, NF-kB, and C/EBP/AP-1 elements 
showed significant changes induced by c-Maf expression (Fig. 6). 



However, these changes do not seem to be essential for c-Maf- 
mediated inhibition of p40 transcription as removal of promoter 
regions harboring these sites or site-directed mutagenesis in some 
of these elements did not impact on c-Maf s ability to inhibit the 
p40 promoter activity. Thus, these sites targeted by c-Maf are re- 
dundant with respect to c-Maf-mediated inhibition, and the precise 
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FIGURE 8. IL-10 production is impaired in c-Maf^ficient macrophages, whereas IL-12 p40 production ana us uuuniaon uy « — V^, 
ISSSL feud UvTeScfcd 6cm day 14 embryo, of c-Maf h^rozygous ^}J^^^JS!^^^ 
by PC* as described in Materials and Methods. Cells were plated at 1 x lOVweU. simulated wuh LPS or IFN-7 « ™ ™ SLctan 

rZ-.O (10 ng/ml). Twenty-four hour, foUowing stimulation, cells were h^es^ and ^ su^ 

by ELISA. a, IL- 12 p40 and IL-10 production foUowing stimulauonu Data are ^J^^^S^Sb^^ separate experiment involved 
with SEM. b, IL-10 treatment-induced inhibition of IL-12 p40 producnon m IFN-7 plus LPS "^SK^uS^ formO-lZ p40 and 

one wild-type (+/+). two heterozygous (+/-). and five homozygous (-/-) embryos. The lower Urmts of the ELISA were 15.6 pg/ml P- 
31 pg/ml for mIL-10. bdr, below detection range. 
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elusive. r . M domain of c-Maf for its EL- 

^-inhibiting activity (Fig. « ) has » F ^ ^ 
tot c-Maf may act directlyon the p« P ^ „ 

with an additional factor P^^^e on the p40 pro- 
unlikely since we were unab te to den^ ^ (data n0 t 
m0 ter to which c-Maf or * . effect of c . 

shown). The ^^'^J^Smediary, i.e., c-Maf induces 
Maf may be medkted through an ime^ary ttanscriptioo . A 

another factor which ^J^^mlZm by c-Maf was 

Sported by Hegde et al. (34 . me tninscrip- 
Mafmhunu.nimrnaturemyelobl^c^mm inducing 

™o^W*M^^^UoteVrZ™ without its 
^ binding of both c-Myb and a£ «* P ^ ex _ 

own direct interaction with the fac tor using the Af- 

periment to identify to pu«aovem e^a«f ^ 

fymetrix microarray ^"^.iduced human mac- 
mRNA expreWrofi^Ad^M ^ ^ 

rophages vs A ^^ansaucw express i 0 „ (2:2-fold). 

found to be significantly * te ; rotein inhibitor of 

interesting -^^^iJ* Statl -mediated 
activated STAT ^< WA ^2£J ^ transcriptional repres- 

selective activation of ^, mn ^' (l0) 0 ur observation that 
pression of many other Th2 cymkmes 00)- O 
TNF-« expression isnotre^ 

gests mat other mediators of IL-10 broa ^ ^ 

. pities exist that ^de^ndendy ofcM* ^ 

• flammation. Some of ^^ p ^ 0 le in the multiple 
search (summarized in TabU ! hteiy p y ^ ^ 

. reg u,atory P^^r^il^ecSn a^nst oxidative 
inducible protein HO-1 provi ^ j . by car- 

stress. This anti-inflammatory acuvity of HO l 

b0 n monoxide, a ^I^^^SLi^ * 
m0 re, carbon expression of TNF-a, IL- 

cluding the inhibition of ^"*^f J„ ^ enhan cement of 
IP, and macrophage-inHammatory p«*miP ^ 6) 
£l0 paction through a pa*way ^jjj^ factors ca „ 
Members of the Maf family 0 \^ depe nd- 
affect transcription in either a posm ve o{ mc ^ 

ing0 „ their p^cula.^ 

promoter (14, 34, 3/-«J- . h from bemg a 

Lent with our <*^^^£2« containing se- 
transcriptional repressor of the P* _ 115 ,toan acti- 
ouences extending 5' beyond . the , IM «J - • ^ 
vator of me p40 of this 

or further downstream (Fig. 4) / n,e " nd f^ Tt mav involve dy- 

namic interactions between c moi es 

gen/cytokine-a^ 

stream of the NF-kB element in the-contexi <» v 

transcription machinery. jno-roediated inhibi- 

„. ^J^-^i^Ul macrophages (F,g. 
t ionofIL-12producUoninf«al l^ g« Wc ^ 

8b) indicates a functional ^""^^endogenous AP-I is a 
preurninary evidence «W » *J Z w 6 IL-10's inhi- 
transcrintional inhibitor of the IL-Ii 



that p 3 8 MAPK, an 5* * ta ^ " Dd 

TL-10 in activated human maaopjages^l ^ ^ 

endometrial carcinoma cells, IL-10 directly 
lt y (46) - v.ti m deoendency of c-Maf for its transcrip- 

AUemaovely to ttj 10*J-*J ^ mouse and 

ceming of these possi bditM. q{ c . Maf ta ^ 

In summary, we have «*^SfVlO ^ tl-12 gene tran- 
setective and opposing is appare ntly a redundant 

scription in macrophages. Yet, c ^^on. The 

nJiator of IL- 1 J ^ ^ ^ " S 

implications are 2-fold It suggest hmnoral 
immunological regulator, ~W^V ^ suppre ssing 
immunity via stimulation of J^" 12 ^on. It also 
innate immune responses by mmbumg IL P dal> 
impHes that the other with the immune 

could be exerted through »rT?£j£ me f or m of selective 

cells as IL-12. 
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